Objective: To identify independent factors associated with early (30-day) mortality and in surviving patients, identify factors for late (1-year) mortality following primary coronary artery bypass graft (CABG) surgery and to test the interaction with age. Methods: An analysis of a single centre's data contribution to the Society for Cardiothoracic Surgery in Great Britain and Ireland database was performed. Data on consecutive patients aged !75 years (n = 659) and aged 60-74 years (n = 3024) undergoing primary CABG surgery (1999)(2000)(2001)(2002)(2003)(2004)(2005) were analysed. One-year mortality data were collected using the Office of National Statistics (ONS) tracking system. Factors associated with early and late mortality were identified using Cox regression; hazard ratios (HRs) and 95% confidence intervals (CIs) are presented. Results: The proportion of patients aged !75 years increased by 10% over 5 years (2000)(2001)(2002)(2003)(2004)(2005). One-year mortality in the elderly showed a significant linear decrease from 15% to 7% ( p = 0.01) while mortality in the younger cohort remained static at 2-4%. Early mortality in the elderly group was 5% compared to 1.8% in the younger group ( p < 0.001), while late mortality was 4.1% vs 1.8%, respectively ( p < 0.001). Factors independently associated with early mortality were age !75 years, HR 2.0 (95% CI 1.28, 3.11); female gender; angina (CSS III-IV); and cardiopulmonary bypass duration >97 minutes. Arrhythmia and renal impairment were risk factors common in both early and late mortality models. Risk factors for late mortality also included ventricular ejection fraction < 30%, non-elective surgery and arteriopathy. Age was not an independent risk factor for late mortality. Conclusion: Mortality in elderly patients showed a substantial improvement, but remained over twice that of younger patients. The difference in factors associated with early and 1-year morality suggests the need for effective short-and long-term strategies, particularly in the management of chronic diseases such as heart and renal failure. #
Introduction
In 2002, the average life expectancy for men and women was 76 years and 81 years, respectively, and it is predicted that longevity will continue to rise (www.statistics.gov.uk). The leading cause of death in individuals aged 65 years and older remains circulatory disease (www.statistics.gov.uk). The changing demographics of the general population are strongly reflected in the demographics of the population undergoing cardiac surgery, in particular isolated coronary artery bypass graft surgery (CABG). The report from the Fifth National Adult Cardiac Surgical Database for 2003 identified an 8% increase in the proportion of patients aged 75 years and over undergoing cardiac surgery [1] . The report identifies higher mortality rates for patients aged >75 years undergoing CABG surgery, on average 5.7% (1999) (2000) (2001) (2002) (2003) , when compared to 2% for patients aged 60-70 years and 3.4% for those aged 70-75 years [1] . However, mortality has tended to decrease in the older aged groups, especially in those aged 75 years or older [1] .
The current commonly used risk-prediction models, such as European System for Cardiac Operative Risk Evaluation (EuroSCORE) or logistic EuroSCORE, tend to overestimate the risk of mortality in the elderly population undergoing primary CABG [2] . This is to be expected as these models were based primarily on younger populations and before many of the advances in cardiopulmonary (CP) bypass, surgical, anaesthetic and nursing techniques and techniques over the last 10 years which have resulted in improved survival in this population [3] . It is anticipated that the proportion of patients aged 75 years and older undergoing CABG surgery will increase with the increasing age of the general population, and with increased public expectation of medical technology and health care. A better understanding of the pattern of survival within the first year following surgery and the risk factors associated with mortality in this age group is required in order to maintain or reduce current mortality levels.
The aims of this study are as follows: (1) to compare the preoperative and perioperative characteristics and postoperative survival of patients aged 75 years and older with a younger cohort aged 60-74 years; (2) to identify factors associated with early (30-day) and late (1-year) mortality; and (3) to identify the effect of age (75 years and older) on these factors.
Methods
This is a database analysis of a single centre's primary CABG patient population over a 5-year period. The data was collected as part of the data set maintained by the Society for Cardiothoracic Surgeons of Great Britain and Ireland (SCTS). The study included all consecutive patients, aged 60 years and older undergoing isolated primary CABG surgery with use of CP bypass between August 1999, when data collection began, and December 2005. Off-pump procedures (n = 126) and redo CABG (n = 241) were excluded as the number of patients undergoing these procedures was too small to allow adequate power for subgroup analysis.
The data were collected prospectively according to definitions provided in the SCTS database. Data extracted from the database included patient demographic details, cardiac history such as preoperative symptoms of angina (Canadian Cardiovascular Society (CCS) classification) or heart failure (New York Heart Association, (NYHA) classification), arrhythmia and information on established risk factors for cardiovascular disease, for example, smoking and hypertension. EuroSCORE, a preoperative risk stratification score, was also collected. Other factors extracted from the database included CP bypass duration, number of vessels grafted, operation urgency and date of hospital discharge. More detailed information on the data set can be obtained from the SCTS website (www.scts.org). Age was treated as a dichotomous variable with patients divided into two groups; those aged 75 years and older and those aged 60-74 years on the day of surgery. A cut-off of 75 years for the older group was used because this is approximates the current predicted life expectancy for males. It was hypothesised that factors associated with mortality may act differently depending on age (interaction with age).
An age-adjusted EuroSCORE was calculated, by subtracting the contribution of age from the original EuroSCORE. This was done to identify the effect of cardiac symptoms and comorbidities on survival, independent of age.
One-year mortality follow-up data were collected using the Office of National Statistics (ONS) tracking system. Date of death but not cause of death is recorded in the SCTS database. Both the ONS tracking system and the SCTS database use the unique patient National Health Service (NHS) identification number. The NHS number was available for over 95% of this study population; in addition, date of birth and address were also used to track and verify patient's identification. It was estimated that follow-up was over 95% complete.
The preoperative and perioperative characteristics of those aged 75 years and older were compared to those of a younger cohort of aged 60-74 years; significant differences between the groups were tested using Pearson's chi-squared statistic ( p < 0.05). All variables were treated as categorical and are presented as actual numbers and percentages.
Kaplan-Meier curves were used to depict survival of the two cohorts over the 12-month follow-up period, and significant difference in survival was tested using log-rank test. Changes in mortality rates over time were examined using the Cochrane-Armitage test for trend.
The primary outcomes measured were early (30-day) and late (1-year) mortality (1-year mortality excluded patients who died within 30 days of surgery). Cox regression was used to assess the association between variables and early and late mortality separately. Data are presented as hazard ratios (HRs) and 95% confidence intervals (CIs). The baseline category selected was the lowest risk group. A multivariate Cox regression model was constructed to identify independent risk factors for early and late mortality. All variables significant at p < 0.05 were included in the separate models and discounted using backwards stepwise elimination. Variables were retained in the model if they remained independent predictors of outcome or significantly affected the HR of the independent factors. Tests for interaction between age and the other independent variables in the models were performed to identify whether age 75 years or older had a modifying effect (risk factor varied depending on age category) on these factors.
Results

Changes in surgery and mortality trends
There were 3683 patients in this analysis of which 18% (659) were aged 75 years or older on the day of surgery. In this cohort, overall 1-year mortality (includes early and late) was 4.9% (180/3683) but when stratified by age, there were significant differences in mortality between the groups. Overall, 1-year mortality in the elderly group (!75 years) was 9% compared to 4% in the 60-74 age group (Fig. 1) . Although the Kaplan-Meier curve shows significant (early and late) survival difference between the two groups, over 90% of elderly patients were alive 1 year after their cardiac surgery. Over the 5-year period, from 2000 to 2005, the proportion of patients aged 75 years and older undergoing primary CABG nearly doubled (13-23%) (Fig. 2) ; in contrast, there was a slight decrease in the proportion of patients aged 60-74 years undergoing primary CABG surgery. However, the crude total 1-year mortality rates for those aged 75 years and over significantly decreased from 15% in 2000 to 7% in 2005 (test for trend p = 0.01) (Fig. 2) . In patients aged 60-74 years, mortality rates fluctuated between 2% and 4% over this period (test for trend p = 0.66) (Fig. 2 ). Table 1 summarises the pre and peri-operative characteristics which were significantly different between the groups. There were significantly more women in the !75 age groups compared to the younger cohort (30% compared to 20%, respectively). The !75-year age group had a significantly greater proportion of patients with more severe cardiac symptoms such as heart failure (NYHA 3-4), angina (CCS 3-4), impaired ejection fraction (30-50%) and arrhythmia compared to the younger group. In addition, the prevalence of arteriopathy, carotid bruits and renal impairment was higher in the older age group. Multiple co-morbidities (>5) were significantly higher: 17% in the of !75 age group Fig. 2 . Five-year trend in CABG surgical activity and overall 1-year mortality, comparison between those age !75 years and those age 60-74 years. The prevalences of previous myocardial infarction (MI), ejection fraction <30%, respiratory impairment, diabetes, previous neurological events or hypertension was not significantly different between the groups. The !75 age group had a significantly greater number of patients who required emergency treatment (e.g. ventilation, intravenous nitrates, inotropes, heparin or intra-aortic balloon pump) prior to surgery. This was also reflected in significantly more urgent (non-scheduled) or emergency (out of hours) operations occurring in the older group. Only 62% of surgery in the !75 age group was elective compared to 77% in the younger cohort ( p < 0.001). CP bypass time or total number of vessels grafted was not significantly different between the groups (Table 1) . Overall, CP times had significantly decreased over the 5-year period; in 2000, 59% (318/534) of patients were off bypass within 75 min, by 2005 this had increased to 71% (417/ 590), trend p < 0.001. There were no significant changes in the CP bypass technique over the 5-year period; the predominant methods of myocardial protection were warm-blood cardioplegia or aortic cross-clamp and fibrillation. Slightly more elderly patients had aortic cross-clamp and fibrillation, but this was more likely related to surgeon preference than patient age. Other methods of myocardial protection included beating heart without cross-clamp; these methods were risk factors for 30-day and 1-year mortality in the univariate analysis but it is likely these techniques were adopted in response to patient underlying acuity and instability and concerned only 50 patients. There was no significant difference between cardioplegia and crossclamp fibrillation.
Characteristics of CABG patient population
Early and late postoperative mortality
In the study cohort, early postoperative mortality (30 days) was 5% (33/659) in patients in the !75 age group when compared to 1.9% (56/3024) in the 60-74 age group ( p < 0.001). However, looking at yearly trends over the 5-year period, there was a significant reduction in early mortality among the !75 age group, 8% (6/74) in 2000 to 4.3% (6/137) in 2005 (trend p = 0.02). There was no significant change in early mortality in the younger group ( p = 0.66). Table 2 identifies the univariate factors associated with early mortality. These include female gender, severe cardiac symptoms, recent MI and arrhythmia, renal impairment, CP bypass greater than 97 min and non-elective surgery.
In the subsequent year of follow-up (late mortality), an additional 4.1% (26/626) of patients in the !75 age group died compared to 1.8% (65/2968) in the 60-74 age group ( p < 0.001). Looking at yearly 'late mortality', over the 5-year period, there was a trend towards a decrease in late mortality in the elderly group, (7% (5/68) in 2000 compared to 3% in 2005 (4/131)), but it did not reach statistical significance ( p = 0.2). Similarly, there was no significant change in late-mortality trends in the younger group ( p = 0.13).
Many of the univariate factors significantly associated with early mortality were also associated with late mortality. The exceptions were gender, a previous neurological event and prolonged CP bypass (Table 2) , which were not significant in the univariate analysis for late mortality.
In the multivariate Cox regression model, six variables were independently associated with early mortality. Age 75 years or older, female gender and preoperative severe angina carried a doubling of the risk of death within 30 days of surgery. Preoperative arrhythmias, renal impairment and CP bypass >97 min were associated with nearly a three-to fourfold increase in the risk of early mortality (Table 3) .
In the late-mortality multivariate model, only preoperative arrhythmias and renal impairment were common to both models. Ventricular ejection fraction <30%, non-elective surgery and arteriopathy doubled or quadrupled the risk of late mortality. Age !75 years was not significantly associated (HR 1.50 95% CI (0.94, 2.39)) with late mortality, but it was retained in the model because it significantly altered the HR of the other independent variables. Tests for interaction between age and the other independent factors in both the early-and late-mortality models were not significant ( p > 0.05) except for arteriopathy in the late-mortality model ( p = 0.02). The presence of arteriopathy in the younger cohort was significantly associated with late mortality HR 3.21 95% CI (1.87, 5.20) but not in the older cohort HR 1.02 95% CI (0.40, 2.58).
Discussion
In one cardiac centre, the proportion of patients aged 75 years and older undergoing primary CABG surgery nearly doubled over a 5-year period, while the crude 1-year mortality in this age group halved over this period. The Table 3 Factors independently associated with early (30-day) and late (1-year) mortality (adjusted Cox regression model). elderly cohort had a greater burden of disease and were more likely to require urgent or emergency surgery compared to patients aged 60-74 years. Overall mortality in the first 30 days following surgery was 5% in those aged 75 years and older and a further 4% died within 365 days of surgery compared to 1.9% and 1.8%, respectively, in the 60-74 age group. Age 75 years and older was associated with a doubling of the risk for early mortality but was not a significant independent factor for late mortality, but this may be due to the small sample size. Female gender, severe angina, prolonged CP bypass, preoperative arrhythmias and renal impairment were associated with early mortality. Arrhythmias and renal impairment were also associated with late mortality in addition to ejection fraction less than 30%, nonelective surgery and arteriopathy. The chronological cut-off for defining elderly in cardiac surgery is transitory and with each passing decade seems to increase by 5-10 years. For example, in the 1980s an age greater than 70 years was considered elderly. More recently, there are reports of surgery on nonagenarians [4] . A study which examined a cohort aged similar to this study reported a 30-day mortality of 3.9% and late mortality of 2.4% [5] . However, a review of studies by Ivanov et al., reported wide variation (4.7-20%) in 30-day mortality [6] . Recent cohort analysis of octogenarians undergoing CABG surgery report inhospital mortality between 8% and 14.1% [7] [8] [9] .
This study highlights the decrease in mortality over the last 5 years, despite an increase in CABG surgery in this age group. Early and late mortality have dropped by nearly 50% in this age group over the 5-year period, while the proportion of patients with age-adjusted EuroSCORE greater than 4, used as indicator of co-morbidities and severity of cardiac symptoms, has remained stable. This decrease in mortality has been reported in other studies and has been attributed to improved CP bypass management and more experience in managing this group of patients [10] [11] [12] . The challenge for the future is to continue this trend in mortality reduction in older patients. This aim will no doubt heighten the debate over whether on-pump or offpump coronary artery surgery is superior in both short-and long-term outcomes, especially in an elderly cohort [13, 14] .
One factor that has changed in our own centre is that, since 2000, we have utilised intra-operative trans-oesophageal echocardiography in our high-risk adult surgical population. Others have suggested that this tool for enhanced diagnosis and monitoring is associated with better intra-operative management [15] [16] [17] .
The comparison of early and late predictors of mortality based on pre-and perioperative data identifies the impact of these factors on survival in the immediate postoperative period and over the first postoperative year. Preoperative arrhythmia and renal impairment (creatinine >200 or dialysis dependent) were independent factors in both models. Age !75 years and gender were independent risk factors for early (30-day) but not late (1-year) mortality. A higher mortality rate in women immediately following surgery has been reported [18, 19] . It is likely that elderly women, currently accounting for 61% of the !75-year population in the UK, are going to constitute a larger proportion of the CABG surgical population in the future. Reducing mortality rates in the elderly will therefore rely on improved survival among this group in particular.
In the early mortality model, severe angina (CCS 3-4) and CP bypass time greater than 97 min were associated with mortality but over time, ventricular ejection fraction <30%, urgent and emergency surgery and underlying arteriopathy were factors that had a greater impact on survival.
Severe angina, urgency of surgery and possibly prolonged bypass underline the importance of early and aggressive intervention before symptoms deteriorate to the extent of requiring urgent surgery. The elderly may be less likely than younger patients to have surgery prior to acute deterioration in symptoms, and this may in part contribute to their higher mortality. In the long term, more effective pharmacological management of impaired left ventricular function and arteriopathy in both younger and older patients could improve survival. Identifying different factors associated with early and late mortality suggests there may be a need for different short-and long-term strategies to improve survival especially in an elderly population There is growing epidemiological evidence to support the short-and long-term benefits of cardiac surgery in elderly patients [8, [20] [21] [22] . However, these benefits are achieved at a considerable extra cost in terms of health and social care resource utilisation [7, 23, 24] . In the coming era of health-care cost-containment, it will not be enough to prove that we can perform surgery successfully albeit at higher risk. We will have to establish that this type of intervention is cost effective relative to non-surgical interventions in terms of patient quality of life and long-term resource utilisation [3, 25] .
Study limitations
This is a database analysis and subject to the limitations of such studies. All cause mortality, and not mortality due solely to cardiac causes is reported. However, we believe prediction of overall survival is more important than cardiac events alone. This analysis concerns data from a single centre, and the evaluation of these data may not be widely applicable to other centres. The study may have been underpowered to detect interactions between age and other independent factors associated with mortality. These interactions could be tested in the larger SCTS database.
Conclusion
The elderly are an important and ever-increasing part of the cardiac surgical population. In order to maintain recent improvements in survival in this cohort, attention needs to be focussed on factors which are amenable to modification, including earlier referral for surgical intervention prior to acute deterioration in symptoms, and the longer-term management of left ventricular impairment and arteriopathy.
